Previous work has shown that recreation can affect the bacteriological quality of impounded surface water (4, 11, 14, 17) . Wagenet and Lawrence (17) correlated high recreational use and a rise in fecal coliform density in a water supply reservoir. Similar studies also suggested that recreation led to increased bacterial densities in a Canadian reservoir, and reservoir fishing activities have been correlated with increased indicator densities (11, 14) . Other studies involving recreation on reservoirs did not show deterioration of water quality (2, 15) . These latter observations are consistent with other studies that suggest recreational activity does not appreciably influence the bacteriological quality of flowing surface waters (1, 13, 16, 18) .
Examination of two Montana watersheds (16, 18) has shown that a watershed open to recreational activity yielded consistently lower indicator densities than a watershed that has been closed to the public for nearly 50 years. Lee et al. (13) showed that recreation in three Pacific Northwest watersheds did not cause deterioration of water quality. Recent work in Colorado (1) in areas with established campgrounds, most of which had sanitary facilities, showed that water pollution due to recreation was insignificant.
Because of stream self-purification and the dispersion of campers in a watershed, the effect of recreation on flowing surface waters may be difficult to detect. The present study examined flowing surface waters adjacent to areas of intensive motorized camping without sanitary facilities to determine whether there were localized sites of pollution in the watershed. Weekly and diurnal patterns of indicator bacterial densities in the surface waters were established, further elucidating the relationships between recreation and the bacteriological quality of flowing surface waters.
MATERIALS AND METHODS The Greenwater River watershed ( Fig. 1 which included the Fourth of July weekend. Water was collected at each site, stored on ice, and transported to the laboratory within 6 h of collection. Determination of total coliforms, fecal coliforms, and fecal streptococci were made by using the membrane filter technique (8) . Membrane filters were placed onto pads saturated with m-endo broth for total coliform and with m-FC broth for fecal coliform enumerations and onto m-enterococcus agar for fecal streptococcus enumeration. The length and temperature of incubation was that outlined in Standard Methods for the Examination of Water and Wastewater (8) .
Representative colonies from fecal coliform and fecal streptococcus membranes were transferred to nutrient agar and brain heart infusion agar slants, respectively. Fecal coliforms were classified as to IMViC (indole, methyl red, Voges-Proskauer, citrate) type. Fecal streptococci were verified by the catalase test, growth in 40% bile broth, and growth at 45°C and were differentiated by using arginine hydrolysis, NaCl tolerance, and growth at 10°C (6, 9) .
Moore swabs (3) were placed in the surface waters for 5 6 h. Salmonella and Shigella isolation techniques used standard gram-negative and tetrathionate enrichments and differential plating media, which included XLD, MacConkey, salmonella-shigella, and brilliant green agars (all Difco). Tentative identification was made using standard biochemical tests and slide agglutinations with Difco Salmonella 0 antiserum poly A-I (5). Salmonella isolates were sent to the National Animal Disease Laboratory, Ames, Iowa, for confirmation and serotyping.
Since there were no sanitary facilities in the study watershed, campers used the environment for latrine areas. There were conspicuous areas near most heavily used campsites that served this function. Soil samples were collected from such an area throughout the study period and stored on ice while transported within 6 h to the laboratory. Standard multiple-tube fermentations (8) were used to determine total and fecal coliform densities, with dilutions made from 1-g portions 9f the soil samples (wet weight).
RESULTS
Two-hundred forty-eight water samples were collected for bacteriological examination between May 1975 and July 1976. Total coliform densities ranged from less than 1 to 105 per 100 ml of surface water, fecal coliforms ranged from less than 1 to 91 per 100 ml, and fecal streptococci ranged from less than 1 to 52 per 100 ml.
To correlate human use and water quality, water samples were collected during the summer of 1975, on both weekdays and weekends. Geometric means were calculated from nine samples per site for both weekday and weekend determinations of total coliform, fecal coliform, and fecal streptococcus densities (Fig. 2) . Indicator densities were consistently higher during weekends than during weekday periods. Figure 6 indicates that total coliform densities at site 1 reached daily peaks in the early morning hours. The highest total and fecal coliform densities appeared after the human-use period ended. Figure 7 shows indicator density trends for site 2. Total and fecal coliform densities for the upstream and downstream samples closely approximated each other. Diurnal trends showed the highest densities to be present in morning and evening hours and the lowest in the afternoons. Similar to site 1, the highest total and fecal coliforn densities were seen after the human-use period ended. Figure 8 compares indicator densities upstream and downstream from the camping area at site 3. Three major synchronous increases in total and fecal coliforms were observed downstream from the campsites and one such increase was observed upstream, all occurring in afternoon samples. In contrast to diurnal trends at site 2, the general 12 n. diurnal trend for the downstream samples at site 3 showed indicator densities to be low in morning hours, increasing dramatically in the afternoons and decreasing in the evenings. This correlates directly with the highest human activity on the site. Densities upstream from the camping area remained low throughout most of the period; the major increase occurred the only time fishing activity was observed above the sampling point. The fishermen were walking and fishing in the stream during the 2 and 7 p.m. sampling on 5 July. Densities observed during this increase were still considerably less than those observed at the downstream sampling point.
To characterize water quality before the Fourth of July weekend, water samples were collected and analyzed for indicator densities during May 1976. Thirty-five samples from the watershed indicated that bacterial densities were uniformly low at all sites during the entire month of May. This included samples over Memorial Day weekend, when human use was moderate. Total coliform and fecal streptococci densities never exceeded 6 per 100 ml, and fecal coliforms never exceeded 3 per 100 ml.
The characterization of 68 representative fecal coliform isolates, from m-FC membranes, using standard IMViC reactions, indicated that 90% were Escherichia coli type I and 10% were E. coli type II. Presumptive differentiation of the fecal streptococci, using arginine hydrolysis, NaCl tolerance, and growth at 10°C, showed that all 36 (5 July 1976 ). Another possibility is that the recreationists were directly contaminating the surface waters by improper sanitary waste disposal. Current work is attempting to answer these questions by measuring the incidence of indicators in the bottom sediments, measuring the movement and survival of indicator bacteria in the soil, and measuring the effects of simulated recreational activities.
The results of the present study suggest that site differences within a watershed could play a part in determining the effects that recreational activity has on water quality. Bacterial increases at site 2 were less dramatic than those at site 3. Total coliforms increased twofold downstream from site 2, but fecal coliforms did not increase between the upstream and downstream sampling points. This is in contrast to site 3, where dramatic increases of total and fecal coliforms indicate that fecal contamination of the surface waters was commonplace during periods of recreational use. Diurnal trends in water quality at site 3 showed indicator densities were highest during afternoon samples, a direct correlation to the highest period of human activity. In contrast, site 2 diurnal trends indicate densities to be lowest in afternoon samples. The obvious difference between sites 2 and 3 is the dilution effect of the surface waters, site 2 being adjacent to the Greenwater River and site 3 adjacent to one of its tributaries, Pyramid Creek. However, there appears to be more involved than just the dilution effect of the Greenwater River. Visual inspection of site 3 after the Fourth of July weekend, 1976, revealed that fecal material was abundant on the surface as well as buried around the periphery of the camping area in brushy latrine areas, immediately adjacent to the creek. Latrine areas at site 2 were less apparent, and there was not the concentrated use of locations immediately adjacent to the surface waters. A dense, brushy understory provides for concealment of the latrine areas at site 3. Aukerman and Springer (1) suggest that peer pressure can serve to modify behavior in the wildlands. Possibly then, site 2, because of the open nature and higher concentrations of people in the area, receives more appropriate user behavior.
The different effects of recreational activities at the various sites sampled in the present study may help in understanding the conflicting views of recreation's effect on water quality (4, 12, 15, 17) . Some areas may be able to withstand heavy recreational use with little deterioration of adjacent surface-water quality, whereas recreation in other areas may influence water quality dramatically. The present study also suggests that data collection and presentation could have played a part in the divergent conclusions of previous studies. Increases in bacterial densities in the Greenwater River watershed were observed during periods of human use and during times when activity was the highest, namely, weekend afternoon samples. If sample collection took place on Monday mornings at 9:00, as was done in other observations (15, 17) Land managers should be aware of potential health hazards to recreationists using surface waters and the types of situations that promote such hazards. Statements concerning the appropriateness of using surface waters for campingrelated recreation should be based on the poorest quality water a recreationist may encounter. The present study suggests that poor water quality may be localized and chronologically intermittent in a watershed.
Fecal coliform densities in the Greenwater River watershed never exceeded the 200-fecal coliform per 100 ml limit that has been recommended for primary contact recreational waters (7) . Based on the State of Washington Department of Ecology criteria, using total coliform standards, the Greenwater drainage meets the requirements established for general recreational use of natural waters. However, the rapid and dramatic increases in bacterial densities associated with recreational use, compounded by the isolation of salmonellae from the relatively clean waters of the drainage over holiday use periods, suggest that there were potential public health hazards associated with the surface waters of the drainage, particularly if the water was used for drinking. Thus, the present standards for recreational waters may be inappropriate.
Recreational impact was also observed in the soil of the latrine areas of the watershed. High numbers of fecal coliforms in the soil of these areas indicate that they are potential reservoirs of pathogenic enterobacteria. Records (3, 15) show that disease outbreaks have been caused by the contamination of surface waters by surface runoff. Considering the proximity of many latrine areas to the surface waters, it is likely that waterborne disease outbreaks could occur.
